Contractile function is known to be impaired during hypoxia or metabolic inhibition, but the relative importance of activator Ca'+ deficiency compared with the accumulation of depressant metabolites remains controversial. To distinguish between these possibilities, we used nuclear magnetic resonance (NMR) 
transients) with gated 19F NMR spectroscopy have been described by Marban et al. 22 The excitatory radiofrequency pulses and subsequent NMR data acquisition were gated according to a programmable delay from the time of the pacing stimulus. One pulse was applied during each cycle to make the total interpulse delay approximately 800-1,000 msec. At each point in the cardiac cycle, 480-600 consecutive gated scans were averaged to achieve an acceptable signal-to-noise ratio. All chemical shifts were referenced to the 6F-Trp signal, assigned to 0 parts per million (ppm Pooled data (Figure 3 ) reveal that the changes evident in the single experiment in Figure 2 Figure 4 shows typical gated`9F NMR spectra taken at end diastole and peak systole during control and hypoxia. In the control diastolic spectrum, the area under the free peak (-2 ppm) is visibly smaller than that under the bound peak (-8 ppm), signifying that Qiastolic [Ca2"]i is low. During systole, the bound peak increases substantially while the free peak decreases, reflecting a sizable rise in [Ca2"]i. Gated spectra from the same heart during hypoxia again show a striking difference between the two extremes of the cardiac cycle, with the ratio of [B] to [F] much greater during systole than at end diastole. If a side-to-side comparison of the spectra is made, little difference in diastole occurs; in systole, the predominance of the bound peak is, if anything, accentuated during hypoxia. Thus, inspection of the raw signals gives no reason to expect that the availability of activator Ca2' is decreased during hypoxia.
The relative changes can be assessed more readily by comparing the values for [Ca2"]i derived from these and other gated spectra before and during hypoxia. Such transients are plotted as a function of the time from the pacing stimulus in Figure 4C . Figure 6A shows the correlation between [Pi] and percent developed pressure, whereas Figure  6B shows the simultaneous correspondence with pHi. As [Pi] 29 [Pi] contributes more than 80% to the ratio, whereas pHi does not achieve a significant level. These data strongly suggest that the functional decline during hypoxia is derived from these metabolic changes, particularly the accumulation of Pi.
In contrast to the excellent correlation between the metabolic changes and percent developed pressure, Figure 6C shows the scattergram produced by plot- The need for signal averaging limits the quantification of Ca2' transients to steady-state conditions.
Thus, we have restricted our investigation to relatively mild hypoxia, in which contractile function reaches a depressed but steady level. The relative roles of Ca2'-dependent and -independent mechanisms may differ in severe hypoxia or complete anoxia, when metabolic deterioration is rapid and progressive. The use of a simple analogue of hypoxia (cyanide) to inhibit oxidative phosphorylation in isolated ventricular cells has also produced variable results. In the work of Eisner et al,18 such metabolic inhibition did not consistently decrease the force of contraction (in eight of 12 cases, contraction was actually increased). The observed changes of contractile amplitude were paralleled by changes in Ca>+ transients. When deoxyglucose is added to CN-, there is general agreement that contractile failure occurs rapidly. [16] [17] [18] Unfortunately, the contribution of Ca2+ transients to this failure varies among myocardial cell types and species. In adult rat ventricular cells,18 a decline of Ca2+ transients, presumably secondary to action potential failure,45 has been found, whereas Ca2+ transients continue unimpaired during the onset of contractile dysfunction in chick ventricular cell monolayers.1617 Rat myocytes might be expected to be unusually susceptible to failure of excitation during hypoxia. They are known to possess a rich complement of ATP-sensitive potassium channels4; because the action potential is much more brief to begin with in rat than in other species,44 any given tip of the balance in favor of repolarization would be expected to suppress excitability disproportionately in the rat. This peculiar property should prompt caution in extrapolating results from research in rat cells directly to other species. Nevertheless, the discrepancy with our results may simply reflect a difference in the severity of hypoxia; the contractile depression we observe is mild, with function remaining stable for at least 60 minutes. In more severe respiratory blockade, action potentials are depressed within 10 minutes,45 even in species other than rat. A total loss of excitability, as would be expected to occur during severe hypoxia, would obviously lead to a fall in the cytosolic Ca> concentration regardless of the species.
